Access to electricity and a reliable supply of energy are essential elements of local economic development and poverty reduction. To address these challenges, appropriate policies and mechanisms at the national and regional levels need to be implemented. In this study, we used Johanson cointegration and Granger causality techniques to examine the different cointegration and causal relationships that exist between the growth of electricity consumption (CE) and socio-economic parameters (GDP, tertiary GDP, GDP per capita, number of households, number of subscribers and population) in Cameroon during the period from 1975 to 2011. The results from the software Eviews 7.2 show that there are cointegration relationships between electricity consumption and socio-economic indicators (LGDPH, LPO and LS) thus reflecting the long-term relationship between socio-economic growth and electricity consumption (CE). Consumption growth could, therefore, follow socio-economic growth. In addition, the analysis of the Granger causality test results reveals that there is a unidirectional causal relationship of macroeconomic indicators towards electricity consumption. That is, LGDPG to LCE, LGDPH to LCE, and LGDPT to LCE. There is also a unidirectional relationship between LCE and the demographic indicators that is the relationship of LCE to LS (number of subscribers). We can, therefore, conclude that the indicators that have a better influence on electricity consumption are the overall GDP for the macroeconomic indicators and the population for the socio-demographic indicators respectively. In addition, the analysis of renewable energy potential (EnRs) shows us that Cameroon enjoys good irradiation throughout its territory, hence its high solar potential. The wind speed is unevenly distributed over the territory, it has an average speed in the region of How to cite this paper: Flora, F.M.I., Donatien, N., Tchinda, R. and Hamandjoda, O. (2019) Impact of Sustainable Electricity for Cameroonian Population through Energy Efficiency and Renewable Energies. Journal of Power and Energy Engineering, 7, 11-51. .79002 12 Journal of Power and Energy Engineering
Introduction
In recent decades, global warming has increased dramatically, as evidenced by the continuing deterioration of the environment due to economic growth based on traditional energy consumption. Energy is the building block of the development of economic activity and has increased its demand as a result of the overall modernization of the economy. One of the pillars of the fight against climate change is to reduce greenhouse gas (GHG) emissions through the use of sustainable energies, such as biofuels, biomass, hydroelectricity, solar energy, the wind.
The strong economic growth of Cameroon for more than ten years is accompanied by an increase in the demand for electricity consumption. In 2012, electricity consumption accounted for only 7.3% of Cameroon's energy consumption. One of the main reasons for this low ratio is the country's low electrification rate. It has increased over the 2005-2011 period, from 49.7% to 57%, thanks to the government's efforts to expand and intensity the electricity grid. This effort has had very positive effects in urban areas but poor results in rural areas where the majority of the population remains without access to the electricity grid: the rate of rural electrification stagnates around 19%.
The current energy situation in Cameroon characterized by power cuts, aging electrical installations has negative impacts on the daily lives of Cameroonians.
Unstable access to electricity has direct impacts. It makes difficult the functioning of government and the state basic services. In rural areas without access to electricity, health centers can only provide very limited care and cannot refrige-
The electrical operator ENEO, in charge of the management of the electricity system as a whole (production, transmission and distribution of electricity) is having difficulties to meet this strong demand, particularly at peak hours, and is not in a position of meeting all the electricity needs of the country, both in terms of quantity and quality of electricity delivered. Plans have been made to strengthen production capacity in the future, but it is certain that the necessarily long time frames for implementing these investment programs will not allow for quick and effective solutions to the current imbalance between supply and demand of electricity.
Energy efficiency and renewable energies thus become the essential instrument for responding in the short and medium term the growing consumer demand, but also as a long-term policy to reduce energy consumption and limit investment in electrical energy production. Energy efficiency means rational use of energy by increasing the efficiency of its production, transportation, distribution and final consumption. This is to disconnect economic growth (which must not be compromised at all) from energy growth. A one-way causality relationship of GDP to the electricity consumption of the population should be observed, so that it can be argued that the implementation of an energy efficiency policy will not jeopardize the country's economic growth. Thus the energy security of the country could be increased and substantial savings could be made in the import of fossil fuels whose price continues to grow. It should be noted that the cost of generating electricity from thermal power plants is more expensive than that generated by hydroelectric power plants. Since some thermal power plants are used for peak power management, controlling electricity demand would reduce the high demand at the peak and thus reduce the use of fossil fuels. It should also be noted that the consumption of fossil fuels produces greenhouse gases (GHGs) that are responsible for climate change. Cameroon, however, has huge resources in renewable energy that are biomass, hydropower, solar energy. These renewable energies are now the best way to fight against the observed climate change.
The acceleration of the development of mini-grids can play an important role in the problem posed by the ever-increasing demand for electricity in the coun-Journal of Power and Energy Engineering try. Mini-grid technologies are mature enough which can be fully integrated into rural electrification plans. In addition, the use of mini-grids based on renewable energies can provide electricity at a lower cost than using fossil fuels (fossil-fired power plants). They also increase energy security and improve adaptability under changing climatic conditions. Rural population could thus contribute to the production of their electricity by collecting biomass. However, in Cameroon, In this work, we will first present the socio-economic indicators likely to influence the consumption of electricity in Cameroon; we will then show the relationship between these indicators and electricity consumption. Then, we will present the current production of electricity in Cameroon (hydroelectric plants and thermal power plants) to evaluate the energy produced by thermal power plants. We will then present the potential of biomass, solar and wind power in Cameroon to show that it is possible to substitute thermal power plants for solar or biomass plants. We will then lead to a prospective modeling of the electricity demand of the Cameroonian population. A scenario test including energy efficiency will be done and an assessment of the CO 2 emission gain and recommendations for the success of an energy efficiency plan and implementation of the EnRs will close this study. We will then present ten recommendations for the success of sustainable electrification in Cameroon. This may be an example for many developing countries.
Literature Review

Socio-Demographic Indicators
At the end of 2012, the total population of Cameroon was estimated at about 21.7 million, corresponding to an average density of 44.8 inhabitants/km 2 and a population growth of 2.54% (World Bank, 2018) [1]).
The spatial coverage of Cameroon's current electricity grid is subdivided into three networks, as follows:
• The South Interconnected Network (RIS) covering the six regions of the Center, Littoral, West, North-West, South-West and South. • The North Interconnected Network (RIN) covering the three northern regions (Adamawa, North and Far North).
• And the East Network (RIE) which is not interconnected and whose spatial coverage is exclusively within the Eastern region. The proportion of the rural population in Cameroon continues to remain significant, i.e. 48% in 2010 according to the NSI's estimates, despite a clear downward trend since 1976. The rate of urbanization of the population in Cameroon is, however, from 28.5% in 1976 to 52% in 2010, reflecting sustained growth in the total urban population, with an average annual growth rate (AAGR) estimated at 4.6% over the entire period 1976-2010, compared with 1.5% average annual growth of the rural population. Poverty is more pronounced in rural areas, particularly in the three regions of the RIN zone, since the income of this population comes mainly from the agricultural sector and this sector is vulnerable to climatic hazards; the intermittency of the incomes it offers and its character which has remained traditional and very little mechanized in several regions of the country. Thus, poverty is most prevalent and accentuated among the employed labor force in the informal agricultural sector. Those with formal private or administrative activities appear to be the least affected by poverty. These activities are more developed in urban areas and in the largest socio-economic centers of the country, such as Douala and Yaounde. The analysis in Figure 1 (b) shows that the rate of access to electricity has changed significantly for the urban area, but has not changed much in the rural area.
Macroeconomic Aggregates (INS, 2010) [2]
The analysis of the real GDP structure for 2009 shows that the tertiary sector (trade, hotels and restaurants, transport and communication, finance and real estate, administrative services, miscellaneous services) was the main component of the national GDP, with an estimated share of nearly 47%. Commercial activities, with restaurant and hotel services, are the mainstay of this sector, accounting for 20.1% of total national GDP, due to the low investment requirement compared to other economic sectors.
The share of the secondary sector (mining and extractions and oil activities included, manufacturing industries, construction, electricity, gas and water) represents the second largest economic sector, with a share estimated at nearly 30% of real GDP in 2009. Manufacturing industries represent here the main sub-sector, with a contribution to the national GDP of nearly 16%, estimated in the same year.
The entire primary sector (agriculture, forestry and forestry extraction, fish- 
Context of Electric Power in Cameroon
The electricity generation fleet managed by ENEO includes three hydroelectric It should be recalled here that isolated thermal power plants supply very often isolated areas which correspond to rural areas. We understand why rural areas are not electrified. In Cameroon, most mini-grids rely solely on fossil fuels (fuel oil) for electricity generation. However, the use of renewable energies in mini-grids would reduce electricity generation costs, improve energy security and reduce environmental pollution. Figure 3 shows the energy map of Cameroon. Blue hexes represent hydroelectric power stations, black power plants. We also represent the existing power grid in Cameroon. The various streams and roads are also represented in Figure   3 as well as population density. Figure 4 shows the proportions of energy sources produced in Cameroon. We find that hydropower production is predo- in 2014. This low emission rate could be due to the fact that electricity production in 2014 was 74% hydroelectric and only 24% thermal (oil and natural gas).
Remember that natural gas produces very little CO 2 compared to fuel oil.
For the period of use of the plants during the peak, the calculations were made by comparing the energy produced at each plant to the annual peak of the same plant. The duration of use thus calculated for each plant makes it possible to convert the energy produced by a power plant (MWh) into peak power (in MW).
The study of the daily average load curves of RIS and RIN shows us that the daily peak is observed in both networks around 8 pm. This is due to the return of households in their different homes and the high use of electrical appliances and also lighting due to the darkness. We can also note that the peak of the RIS network always occurs, during the period studied, in December, on a working day around 8 pm. This peak has evolved with an average annual growth rate of 6.3% per year between 2005 and 2011. Moreover, the tip of the RIN is shifted in time from two to three months compared to that of RIS. It took place, over the period considered, twice in February, but most often in March, on a working day around 8 pm. This peak has evolved at an average rate of 4.5% per year. For the period of use of the plants during the peak, the calculations were made by comparing the energy produced at each plant to the annual peak of the same plant.
The duration of use thus calculated for each plant makes it possible to convert the energy produced by a power plant (MWh) into peak power (in MW).
GHG Emissions in Thermal Power Plants
Thermal power plants used in Cameroon use oil or gas.
We can see from may arise from its supply (dependence on the Middle East), its future scarcity, its negative effects on the environment and disruption of climate change, it will be necessary to think of migrating towards renewable energies that are more respectful of the environment.
Potentials of Renewable Energies in Cameroon
Electricity consumption has increased in recent years with rapid growth in the residential, commercial and industrial sectors. For the moment, electricity demand in Cameroon is provided by hydroelectric power stations and oil or gas thermal power plants. The problems caused by the use of fossil fuels are well known: air pollution, greenhouse effect and aerosol production. Faced with this, it is possible that in certain specific cases other sources of so-called renewable energies such as solar energy and biomass are more profitable or more practical to implement. The renewable energy potential in Cameroon is as follows:
AEEP-Cameroon (2013) [6] . and in the coastal zone.
Solar Power Plants
Solar power plants use the energy contained in solar radiation and convert it into low voltage direct current. Solar systems, especially solar concentrating systems, are increasingly being used to help meeting energy needs. The technology of solar concentrators has just reached a very remarkable level, using reflectors to focus the sun's rays on a small area. Figure 7 Figure 7 . Solar panels with cylindro-parabolic concentrators.
Biomass Plants
Biomass is defined as all organic matter of animal or vegetable origin (industries, biodegradable household waste, wood, vegetable waste, algae, etc.) that can become a source of energy either by combustion or following one or more stages of transformation. There are many techniques for producing heat and electricity from biomass. Biomass can be upgraded to heat and/or electricity thermochemical or biochemical. Thermochemical treatments can be classified into four broad categories:
• Combustion allows a direct transformation of biomass into heat energy that can be used as such or converted into electricity. • Cooking involves burning biomass with coal in traditional power plant boilers.
• Pyrolysis traditionally uses temperatures of 300˚C to 600˚C and produces charcoal.
• Gasification heats solid biomass at high temperatures in an oxygen-free environment to produce a combustible gas (or syngas).
• Cogeneration recovers the thermal energy normally lost during the production of electrical energy, and provides heat and electricity with a significantly higher overall efficiency than that resulting from separate dies.
The valorization electricity of the biomass can also be done by biochemical way. Anaerobic digestion of biomass produces a combustible gas called biogas.
Biomass is a renewable energy, clean, storable, low emitting greenhouse gas Journal of Power and Energy Engineering and whose recovery technologies are mature and proven (combustion boiler, digester). Biomass promotes rural job creation and decentralized energy production. Faced with the scarcity of fossil fuels, their rising prices, the geopolitical stakes linked to these energies and the awareness of the climate issues, biomass is one of the answers for sustainable energy production. In addition, the biomass boiler is a renewable energy that is storable and non-intermittent, compared to wind and solar energy. Figure 8 shows a bio-digester for storing organic waste decomposition occurs after the bigaz that can be used either for cooking or for the production of electricity.
Potential of Electricity Saving in the Cameroonian Population
Potential Savings in the Tertiary Sector
In the tertiary building sector, electricity conservation measures concern air conditioning and lighting. The potential savings of existing buildings are divided between short-term actions affecting the organization, awareness and strengthening of the maintenance program; and medium-term actions aimed at improving the performance of lighting and air conditioning. This objective is particularly sensitive for the public sector, whose lowering of the cost of electricity bills is an essential requirement. The reduction of electricity consumption is, therefore, an essential issue that is primarily based on the appointment and training of an energy manager in charge of managing awareness actions and the implementation of low-cost measures.
Potential Savings in the Residential Sector
The residential sector is characterized by a profound change in the level of household equipment as a result of development policies and the improvement of residents' income. Data on the decomposition of electricity use by households confirm the trend towards an ever greater share of electrical equipment. The savings potential is both presents in the improvement of household equipment today (lighting, televisions, refrigerators) but also in the goods that will be acquired in the coming years (housing, air conditioners, household equipment). In particular, housing construction has great potential for savings. Rather than "let it go", energy efficiency measures must accompany the development of air conditioning housing: these measures must relate to the rules of construction (insulation, solar protection) and the performance of air conditioners (energy performance standards). In the residential sector even more than in other sectors targeted by the study, the significant savings potential estimated at 30% is based on the regulatory and normative approach. All domestic appliances used by households must be subject to the definition of minimum energy performance, either in a pure Cameroon context, or by reference to what is done in other countries, developed or developing.
Empirical Studies
The question of obtaining reliable prospective methods for electricity consumption has been widely discussed by past research. In addition, studies have also been done on electrification from green energies. Nadejda Victor and Christopher Nichols (2014) [7] propose a regression method for forecasting annual electricity consumption in non-OECD countries.
They find that the introduction of the brightness variable in addition to the socio-economic variables allows an improvement in the quality of electricity demand forecasting.
Speaking of electricity modeling in African countries, Helene Ahlborg et al. They found that data reporting is particularly weak for many of these projects and recommends a structured framework to facilitate analysis and evaluation. [19] examine the long-term regional economic effects in South Africa of transforming the electricity mix into lower coal production. The overall results from all scenarios suggest that the effect of the transition to an energy mix with a smaller share of coal production is sensitive to other economic and polit- [22] analyze the relationship between energy intensity and energy price in a panel of 120 countries over a 34-year period, from 1980 to 2013. They use information on energy intensity and the real price of oil, and they merge them with macroeconomic data on countries. They identify a statistically significant, but small, negative effect of the real price of oil on energy intensity, which corresponds to a positive effect of energy price on energy efficiency. They argue that a global policy to raise oil prices would lead to a limited increase in average energy efficiency through more efficient use of energy, but this increase will be dynamic across regions. M. Aydin (2019a) [23] examine the relationship between renewable and non-renewable electricity consumption and economic growth using data for the period 1980-2015 for 26 OECD countries using two different approaches to panel causality in order to make a comparison.
The results show that two-way causality is observed between non-renewable electricity consumption and economic growth. They conclude that policymakers should promote renewable electricity consumption to ensure energy security, reduce energy dependency and encourage economic growth. Aydin (2019b) [24] examines the relationship between economic growth and biomass energy use in authorities, engineers, etc. to choose an optimal site. This will ensure optimum investment and return on investment for wind farm developers. However, very few studies have been done in Africa and even less in Cameroon. An identification of the spatio_temporel potential and sites favorable for the implementation of renewable energies (solar-wind) will be a big step for the promotion of renewable energy in Cameroon. It will also convince and encourage public services to invest heavily in this sustainable energy source, which is the energy of the future.
Methodology
Data
NB: The consumption of Low Voltage customers in Cameroon is taken as the electricity consumption of the Cameroonian population because it is in this bracket that rural and urban households are found. The data used in this study come from the ENEO database and the INS (National Institute of Statistics). They are spread over the period 1975-2011. These data are: Gross Domestic Product (GDP) in real terms expressed in billions of CFA Francs (GDPG); tertiary GDP (GDPT); GDP per capita (GDPH); the electricity consumption of the Cameroonian population (CE); the population (PO); the number of households (H); the number of subscribers (S). In addition, they have undergone a logarithmic transformation. The ratings adopted are: L GDPH = logarithm of real GDP; LGDPH = logarithm of GDP per capita; LGDPT = logarithm of tertiary GDP; LCE = logarithm of electricity consumption; LS = logarithm of the number of subscribers; LH = logarithm of the number of households; LPO = logarithm of population.
Evolution of Socio-Economic Indicators and Electricity
Consumption Figure 9 (a) suggests a consistency between CE growth and different GDPs. The coefficients of determination between this consumption and the different GDPs namely the GDPH, the GDPG and the GDPT are 0.7874 respectively; 0.9293 and 0.9422. The different GDPs, therefore, have a positive influence on the CE. We also find that all these variables increase with time, they are temporal or chronological data.
An examination of Figure 9 
Scenarii for the Evaluation of Energy Efficiency
For this work, we have developed two scenarios of electricity consumption to define an energy efficiency policy in Cameroon. These scenarios are based on different levels of public policy ambition to encourage or demand more efficient use of electricity. These two scenarios, called for the first, ambitious scenario and for the second standard scenario, are based on two different visions:
• Standard EE Scenario: This scenario describes the savings that can be achieved through a simple, low-cost program to achieve the most easily accessible energy savings; • Ambitious EE Scenario: This scenario shows the results that can be achieved through a coherent and proactive program of multiple public actions to stimulate or impose the implementation of all measures that are technically and economically possible, that is to say, those whose return time is considered reasonable, depending on the sectors concerned.
In this study, we will only study the standard EE scenario as it is easier to set up than the ambitious EE scenario.
Data for the Spatio_Temporal Analysis of the Solar and Wind
Potential in Cameroon In order to arrive at an accurate and reliable estimate of the wind and solar potential in Cameroon, appropriate data were collected, modified and analyzed.
Several sources are used not only for wind speed and solar irradiance data, but also for the existing energy supply in Cameroon, as well as data on population density. The data sources used for the completion of the project are presented in Table 2 . The wind speed and solar irradiance data are used to define the wind and solar potential respectively. This data comes from the Worldclim 2.0 database and runs from 1970 to 2000. The different maps were made using the QGIS 2.18 GIS software. Worldclim provides daily solar irradiation and wind speed data at 10 m above the ground at a grid resolution of 1 km * 1 km, which served 
Data on Existing Thermal Power Plants in Cameroon
From Table 3 , we find that the power plants (grid-connected plants) are used exclusively in the RIS area and have a capacity of 121 MW; the RIN add-in plants are not used. This is due to the fact that the hydraulic production of the RIN can supply all the population connected to its network. Moreover, we notice a power of 2.64 MW for the thermal power plants isolated from the RIS against 5.39 MW for the RIN and 11.5 MW for the RIE. These isolated power plants cover mainly peri-urban and rural areas. The design of renewable mini-grids will take into account the type of region and the renewable energy potential of the region.
Methodology
In this study, the Eviews 7.0 software [36] was used to determine the relationship between electricity consumption and various socio-economic parameters.
Co-Integration and Causality
This section aims to analyze the relationship between Cameroonian people's electricity consumption (LCE) and socio-economic indicators (LGDPG, LGDPT,
LGDPH, LPO, LH, LS).
1) Stationarity test
This test aims at determining the order of integration of the variables. There are several types of stationarity tests. The Dickey Fuller Augmented (Dickey et al., 1981) [37] and Phillip-Perron tests were selected for this work on the Eviews 7.0 software.
2) Co-integration test
The cointegration theory makes it possible to study non-stationary series but 
Assessment of Energy Efficiency Gain
The action plan developed for each of the electricity consumption sectors as well as for the supply sector (generation, transmission and distribution of electricity) comprises different types of measures which are listed in Table 4 . We have colored in red in Table 4 . The percentages of the measures to be taken for the evaluation of energy savings among the Cameroonian population in the short term (EE Standard scenario, 10%). 
Spatio-Temporal Analysis of the Solar and Wind Potential in Cameroon
The data used for the temporal-time analysis are rasters of resolution 1 km * 1 km. This is for the evaluation of the annual solar and wind potential, respectively for the monthly average solar irradiation and the average monthly wind speed.
These monthly data were grouped into seasons (high season and low season) using the monthly average curve Figure 10 (a) and Figure 10 
Results and Comments
Result of Cointegration and Causality
Unit Root Tests (Augmented Dickey-Fuller and Phillip Perron Tests)
The test results of Dickey-Fuller Augmented and Phillip Perron executed under [44] show that all series are integrated of order 1 with the exception of LPO and LA which are already stationary. The results of these tests are listed in Table 5 .
Cointegration
In this work, we have used the Johansen cointegration test to determine the number of long-term equilibrium relationships between integrated variables, whatever the normalization used. The trace and maximum eigenvalue tests in Table 6 indicate that there is a cointegrating relationship between GDP per capita (GDPH) and electricity consumption, two cointegration relationships between LCE and the population (LPO), and a cointegration relationship between LCE and the number of subscribers (LS). This is because the tests performed on the trace and the maximum eigenvalue (λ max ) have a value of the statistic strictly greater than the critical values at the 5% threshold. For the other variables, cointegration is rejected since we accept the null hypothesis of the existence of any cointegration relationship. The existence of cointegration relationships between electricity consumption and socio-economic indicators (LGDPH, LPO and LS)
indicates that there is a long-term relationship between socio-economic growth and electricity consumption. Consumption growth could, therefore, follow socio-economic growth.
Causality Test
The absence of cointegration between two variables is not an indication of the absence of Granger causality between these two variables. It will then test the latter on the different variables.
1) Long term relationship
We accept the null hypothesis (non-causality) as soon as the probability is greater than 5%. An analysis of the results of the Granger causality tests presented in Table 7 reveals that there is a one-way causality relationship from macroeconomic indicators to electricity consumption. That is, from LGDPG to LCE, from LGDPH to LCE, and from LGDPT to LCE because the probability is less than 5% (0.0013, 0.0044 and 0.0044 respectively). The results of these tests also reveal that there is only one unidirectional relationship between LCE and demographic indicators, i.e. the relationship of LCE to LS (number of subscribers).
2) Short term relationship
We accept the null hypothesis (non-causality) as soon as the probability is greater than 5%.
An analysis of the results of the Granger causality tests presented in Table 8 reveals that there is a one-way causality relationship from DLGDPG to DLCE and another one from DLGDPH to DLCE because the probability is less than 5% (0.0358 and 0.0311 respectively). The results of these tests also reveal that there is no cause-and-effect relationship between DLCE and the other variables, since the probabilities associated with them are higher than the critical threshold of 5% considered. We can then conclude that the indicators that have a better influence on electricity consumption are respectively the overall GDP for the macroeconomic indicators and the population for the socio-demographic indicators.
In sum, the tests indicate a unidirectional causality of GDPH towards electricity consumption and GDPG towards electricity consumption. This suggests that the GDPH and the GDPG explain the electricity consumption and the previous information on the GDPH and GDPG make it possible to better predict the EC level of the population in the short term. This result may be due to the fact that the creation of a product by a company requires the use of the factors of production to be paid, namely the labor factor for which it pays wages to households and the capital factor whose remuneration is gross operating surplus paid to owners. These different incomes are intended in part for consumption. An in- Journal of Power and Energy Engineering crease in production, therefore, leads to a greater income distribution and consequently an increase in consumption. Since electricity is a necessity, it will be consumed according to income. These analyzes, therefore, call for reflection on the implementation of an economic policy and energy efficiency in Cameroon.
Potential in Renewable Energies in Cameroon
Solar and Wind Potential in Cameroon
The grouping of months with an above-average value forms the peak season.
These are November to May for average solar irradiation, and January to May for average wind speed ( Figure 11 and Figure 12 (a) and Figure 12(b) ). Grouping months with below average value forms the low season. These are from June to October for average solar irradiation, and from June to December for average wind speed ( Figure 11 and Figure 12 (a) and Figure 12(b) ). The average of these different months gives us a raster that characterizes this low season (Figure 13 (a) and Figure 13(b) ).
The seasonality is well-observed, because the months constituting the high and low seasons for the solar and the wind follow each other and there is no sudden break between two consecutive months. We note that the months of July month of October has the lowest wind speed. This could lead us to think that an association of a solar-solar hybrid system would make it possible to optimize the site of electricity production. Spatially speaking, we can also notice that areas with high solar and wind potential are grouped together in the same area (the Far North). This part of the country is also the one with the lowest electrification rate (11.5%). This would already guide us to future sites if we want to combine need and potential.
The average of the high and low seasons allows us to have the solar and wind potential in the entire country. This is illustrated in Figure 10 , which also shows the difference between the high and low seasons in order to spatially visualize the observed seasonal variability.
At the end of this analysis, we notice that the average solar irradiation minimum is 9805 kJ/m 2 /day and the maximum is 21,889 kJ/m 2 /day. This minimum value is already a good potential for solar. In addition, we notice that the average 
Biomass Potential
After examining Figure 14 , we notice that the forest, the main source of biomass is mainly located in the South of the country. The eastern part of the country is mostly occupied by the forest. This region of the country is electrified by isolated thermal power stations. Biomass would be a solution for the electrification of Journal of Power and Energy Engineering this area. We also note that this area is a rural area and the population is very dispersed. NB: We remind all the same that the forest is only part of the biomass. We have not been able to quantify in Cameroon other biomass sources. Which justifies the absence of these sources in this study.
Type of Mini-Networks Selected for Electrification in Cameroon
Despite Cameroon's high hydropower potential, we have not retained it as a mini-grid for electrification in Cameroon, as the waterways are unevenly distributed and the installation of micro-hydroelectric power plants would be very expensive and maintenance of this one more tedious than the other types of plants with selected RES. However, hydropower plants will instead be offered for increased electricity generation on the interconnected South and North grid.
After determining the solar and wind potential in Cameroon, as well as the distribution of biomass, we can propose the type of renewable energy plant that can replace thermal power plants according to the RE potential of each zone. We already notice that the whole country enjoys a good solar potential over the whole of its territory.
The wind and biomass potential are not evenly distributed. We have average potential in the Far North of the country in wind and a high biomass potential in the far south of the country. Since biomass is a renewable and storable energy, we can exchange our thermal power stations (connected to the grid) by biomass plants. It must be remembered that these backup plants are mainly used at peak hours and spontaneously. Biomass plants respond very well to this type of use.
The power stations being located in urban areas, the biomass used could be from the collection of household and industrial wastes. These wastes will be used to produce the biogas by methanisation and it will feed the plant.
Solar energy in Cameroon is characterized by its free availability, its availability throughout the national territory and the absence of risks of exhaustion that usually occur for fossil energy sources. Solar systems, especially solar concentrating systems, are increasingly being used to help meet energy needs. The technology of solar concentrators has reached a very remarkable level, using reflectors to focus the sun's rays on a small area. The technology of Cylindro-Parabolic Concentrators (CCP) is currently the most proven solar concentration techniques, it offers a good performance. Given all these advantages offered by the CCP, the design of mini-grids for the electrification of isolated areas will have to be made from solar PV systems. Cost-effective optimization and efficiency would be the use of hybrid solar/biomass systems in the far south and the Adamawa and North regions. Solar will be used during the day and biomass at night. This will reduce the investment cost of the plant, because batteries that cost about 40% in the investment cost of solar power plants will be reduced. The energy that should be stored by batteries to be restored at night will be directly produced using the biomass provided by rural populations. This will allow rural populations to contribute to the production of their electricity by collecting organic wastes or wood. An in-depth study of the area will allow us to know what kind of biomass will be optimal for the area. The regions of Adamawa and Northern
Cameroon are areas where cattle are reared. The horse bursaries can be recovered for the production of biogas by methanation to supply the thermal power plants of these regions. In urban areas like Douala and Yaoundé, the high population density in these cities also leads to a high production of household wastes.
These household wastes can be recovered and converted into fuel to supply thermal power plants in these cities.
In the Far north of the country, thanks to the good solar and wind potential in this region, using a hybrid wind-solar will be the most appropriate. In Cameroon, only 24% of the rural population is electrified, the establishment of mini-networks based on renewable energy will be an effective and sustainable solution for the electrification of isolated areas. Several EnR sizing software, like PVgis or HOMER, will allow us, after studying the area, to perform an optimal sizing of the different power plants both at the configuration level and at the cost and return-on-investment level.
Gain of CO2 Emission
The calculation of CO 2 emission is done considering that all thermal power plants operate with fuel oil. The CO 2 emission ratio of biomass plants is zero because the amount of CO 2 emitted corresponds to the amount of CO 2 absorbed by the plants during their growth. Moreover, we have seen that to reduce the investment cost, we will use solar energy on the day is 12 hours and the biomass at night, thus 12 hours. For the calculation of the energy emitted by the biomass solar hybrid power plant in isolated areas, half of the period of use will be used.
Overall, Table 9 shows that a CO 2 emission gain of 265,844 Kg could be achieved by exchanging thermal power plants connected to the grid with biomass plants. A CO 2 emission gain of 71,094 kg will also be observed if we exchange our isolated 
Comments
The continuation of current electricity consumption trends in Cameroon will lead to a situation of growing imbalance between supply and demand, which could only be partially offset by projected investment in new generation capacity, provided that, these can be however achieved in a timely manner and the corresponding substantial financial resources can be mobilized. The implementation of a vigorous energy efficiency policy in the electrical field would reduce the pressure on demand in the short term, which proves to be absolutely necessary. Energy efficiency can be defined as a catalog of good practices dedicated to save energy. It is the matter of consuming useful that is to arrive at the satisfaction of the energy need using the least energy with the least possible loss. Beyond the expected impact in terms of staggering the investments to be made to endow the country with additional power generation capabilities, the design and development of such an energy efficiency policy must, however, be seen as a foundation for any subsequent energy policy so as to limit the perpetual flight into new production tools which, even when based on the use of alternative energies to fossil fuels, do not require less heavy investments and significant funding. The durability of the energy efficiency policy to be put in place must, therefore, be a basic criterion when it is developed conceptually. This will be the level of tions. The hydropower potential is enormous and could be the only one to exploit for the electrification of the whole country. However, the huge investment cost for the construction of a hydropower plant, the cost of interconnection infrastructures and the transport losses do not allow to have an optimal yield in the short and medium term. This is why it will be necessary to think of the mini-networks for the electrification of the isolated zones which in Cameroon are mainly the rural areas. Given that fossil fuel-based power plants emit GHGs that contribute to climate change, and that Cameroon enjoys a significant average amount of sunshine throughout the country and a large biomass. These mini-grids will have to be based on renewable energies for they are more respectful of the environment.
Many of the benefits derive from renewable energies and justify that they receive priority support beyond mere economic performance. These energies help to mitigate climate change, create jobs and generate sustainable local incomes, increase energy security and reduce dependence on imports.
Conclusions
This work aimed to determine the relationship between socio-economic indicators and the electricity consumption of the Cameroonian population. An assessment of the influence of energy efficiency and renewable energies on this consumption was also made. To carry out this work, we first listed the socio-economic indicators likely to influence this consumption, we then carried out various tests to identify those that really impact this consumption. Scenario tests involving energy efficiency on this consumption have also been made. We have also shown that to preserve our environment, fossil-fired power plants should be replaced by more environmentally friendly solar power plants and biomass plants. We have also shown that the establishment of renewable energy mini-grids for electrification in Cameroon was the optimal solution for reducing the imbalance between electricity supply and demand.
Solid planning for rural electrification in Cameroon is needed and must take into account the integration of mini-grids into the national grid. For this purpose, the areas dedicated to the extension of the network, the areas dedicated to the installation of mini-grids and those dedicated to the individual systems must be identified. Currently, the most modern methods use tools that determine the least costly planning based on geographic information (GIS tools).
Energy policies and strategies in Cameroon should focus on renewable energy resources, especially solar and biomass generation. In a favorable policy environment, the country needs to tap the untapped potential of solar and biomass generation, not only to meet the growing demand for electricity, but also to meet SDG-7 on clean and affordable energy. To achieve this goal, we suggest capitalizing on the recommendations we will cite below.
Recommendations
Recommendations for the State
1) A stable political environment is crucial: political stability is essential. Investors should be assured that their investments will be secured.
2) A favorable environment for renewable energies and energy efficiency is which is a function of electricity consumption. The differentiation of offers is mainly based on how to charge the kilowatt hour consumed. In Cameroon, we will be able to choose the offer called "Hollow Hours/Peak Hours" where the price of the kilowatt hour is modulated according to the periods of the day. This offer distinguishes off-peak hours with a relatively low kilowatt-hour price and peak hours with a higher kilowatt-hour price. Because the peak is observed between 6 pm and 9 pm and is due to the return of households, it would be interesting to educate households so that they can reduce their consumption during this peak period.
7)
Energy conversion towards clean energy: replacement of thermal power plants using fossil fuels by renewable energy plants. Gradually, renewable energy technologies are reaching price levels that allow them to compete with fossil fuels. It is expected that investment technology developments will continue to pull down costs in renewable energy. Moreover, the sun and wind are renewable resources that are available at no cost. It is therefore likely that even without subsidies, renewable electricity will soon be competitive. This is because the costs of transitioning to a low-carbon economy do not differ significantly from the costs that will be incurred in any case to renew an aging energy system, cope with rising fuel prices fossils and respect policies in the fields of climate and energy.
However, there will be a clear erasure of fuel costs in favor of innovative high value-added equipment, which will stimulate investment in innovative products and services, create jobs and simulate growth, and improve the trade balance.
8) Distribution of high-performance electricity: The losses of transmission
and distribution network are one of the causes of this situation. Currently, the losses in power distribution in Cameroon both due to inefficient equipment, as well as to unpaid consumption-vary from 15% to almost 40% of the power generated.
Recommendation for the Population
9) Broad Public Awareness Campaign: As energy policy debates are often dominated by short-term price considerations, there is a need for a transparent public discussion of energy costs and tariffs. The general public should be provided with clear and comprehensive information so that it has a complete picture of the costs and benefits of the subsidies that can be granted to renewable energies, fossil fuels, including is their external impact on human health and the good state of the environment, or the benefits gained from saving on energy imports or energy security.
10) Swap energy-hungry appliances with appliances that consume less energy:
Lighting is the most important use of electricity in Cameroonian households.
The transition to energy-efficient lighting is one of the simplest and most cost-effective approaches to significantly reducing energy consumption and improving the quality of life of citizens. Conduct an awareness campaign on the benefits of low consumption lamps and the importance of recycling compact fluorescent lamps. Standards and labels for energy appliances and equipment are powerful tools for market transformation and the elimination of energy-intensive products.
